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(54) VALVE ASSEMBLY FOR CONTROLLING FLOW OF LIQUID IN INK JET PEN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the reciprocal 
motion of ink and to enable printing of high quality at a 
high speed by providing a valve member elastically 
deformed to be accessible to a position restricting the 
flow of ink passing through a channel in the channel 
formed to the base of a printing head. 
SOLUTION: A printing head is equipped with nozzles 22 
emitting ink in a pattern controlled during printing and 
the nozzles are allowed to communicate with the 
emitting chamber 42 formed in the base 23. In this case, 
the flow of the ink within the channel allowed to 
communicate with the emitting chamber 42 is controlled 
by a movable valve member 32. That is, the valve 
member 32 is constituted so that one end 34 thereof is 
fixed to a base 23 or the rear surface 40 of the channel 
and the other end 36 thereof is freely movable in the 
channel 28. The valve member 32 is characterized by 
that a material having the coefficient of thermal 
expansion larger than that of the material of an outer 
layer is used in an inner layer 48 and, by heating the heating element 44 interposed between 
both layers, the inner layer 48 largely thermally expanded as compared with the outer layer 50. 
By this constitution, the valve member 32 is warped toward the outer layer 50 to close the 
channel 28. 
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1 . Title of [ ETCH t i on 

VALVE ASSEMBLY FOR CONTROLLING FLUID FLOW WITH I .N A.N INK-JET PIN 
2. Claims 

(1) A valve ass crab ly for controlling ink flew witino an ink jet prifj 
ter prznthead, the valve assembly comprising: 

a priatbead having a base in which is termed a fluid channel wherein 
a portion of the channel defines a volume for storing ink adjacent to a 
chamber from which droplets arc ejected from the pi i a the ad; and 

a resiliency deformable valve member mounted w 1 t h i a the channel a a d 
movable into and out of a position for restricting ink flow through the 
channel. 



(2) Tie valve assembly of claim 
a first portion having a first cueff 
cend portion having a second coeffic 



I wherein the valve member includes 
icicnt of thermal expansion and a S e 
i e o t of th e ima 1 expans ioo . 



(3] The valve assembly of claim 2 further including a heating elemen 
t attached to the valve member *nich, when activated, heats the valve me 
mber causing the valve member to defo?ra. 

[i) The valve assembly of claim 2 wherein the valve member is deform 
ed to move into a position that restricts Ink flew within the channel w h 
en the valve member is heated. 
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(5) The ? 3 ! v e assembly of c 1 a i is 2 w h c : c i n a first end of the valve m 
ember is integrally attached to the base, and ^herein a secocd eod ci tb 
e valve member is me y able relative to ;lu base whea the ? a ! v e metrjber is 
heated and cooled. 



(6) The p a 1 ye as semb 1 y c 1 


claim 


2 where 


i d 


the 


v a 1 v 


e number is g p e a w 


hen the valve member is net heated. 


the r e b y 


a! 


1 flw 


i ng i 


nk flew within the 


channel. 














(?) The valve as s era b J y of 


claim 


2 where 


i n 


the 


V 3 I v 


e member is c en a e c 


ted at a first end tc the c ft a 


an e I an 


d racv a b 


le 


i st 


c and 


cut of a closed p 


ositian for u c c l u d I n g fluid f 


1 Off i n t 


o and c 


ii t 


c f 


the n 


<}£z 1 e and whe re i a 


in){ within the channel is pre 


g & u r i i e 


d by an 


3 ITS 


c u n 


t suf 


f i c i e n t to expel i 


nY through the nozzle when t fa 


c valve 


membe r 


i s 


13 (J 


t ci 


the closed pesitio 


n . 

(B) The valve 3 s e emb 1 y o 1 


claim 


3 wh e j e 


i n 


the 


heat 


cd valve member, u 


pon cnoling, moves c 1 1 of the 


flow I 


e s t r j c t 


i n 2 




s i t i o 


n , thereby a 1 ) c w i n 


g substantially unrestricted 


ink f ! q 


w w i t h i 


D t 


he 


c h a n n 


el . 


( 9 ) A method of f a b r i c 3 1 i 


ft g a v a 


1 v e ass 


e id b 1 y 


c r> a 


substrate, ccnip r i s 


iog the steps of: 














depositing a sacrificial 


c x i d e 1 


3 y t r c 0 


t 0 


a S 


u b s t > 


ate; 


depes i t i d£ on the sacr i i i 


c i a I la 


ye r a d 


e f c r ma 


ble , 


thermally c o d d u c L t 


ve first I a f e r : 














deposittag on the first I 


aver i 


d e f c r ma 


b! e 


, I 


h e r ma 


\ 1 j ncoduct ive sec 


cad layer where Id the second 


layer h 


as a d i 


fferen 


t e c t 


f 1 i c e e it t g f t he rma 



1 expansion relative t c t he first i a ? e r ; 
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etching the first layer and the second layer t c define a valve memb c 
r ; a ad 

removing the sacrificial c s 1 d e ! a j e r t b e 1 < ft y freeing part of the fir 
st sod Second layers from the substrate: 2nd 

connecting the Tahe member ic a heat ecsdscior for besting at least 
one of the first and second layers. 

(10) The method of fabricating a r a I t e assembly according t c claim 9 
wherein the steps of depositing the first layer and the second layer cc 
mp r i s e : 

depositing" a first metal layer having a first coefficient cf t hernia] 
expansion; and 

depositing a second metal layer having a second coefficient cf therm 
si expansion, 

3, Detailed Description 0 i Invention 
FIELD OF THE INVENTION 

Tie present invent i c? n relates to the central cf fluid flew within an 

i n k - j « t priathead. 
BACKGROUND AND SUMMARY OF THE INVENTION* 

An ink- jet printer includes a pen in which small droplets of ink are 

formed and ejected toward a printing medium. Such pens include prioth 
eads with orifice plates with several very small n 0 1 1 1 e s through which t 
I e ink droplets are ejected. Adjacent t c the n c t 2 1 e s are ink chambers, 
^here ink is stored prior to ejection through the nozzle. ink is delive 
fed to the ink chambers through iok channels that are in fluid commuoica 
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ttoa with an ink supply. The ink Supply may be : 1 c r example, contained 
in a r e s c j v o i j p i ' t of the pen. 

E ] c c i ton of ji i a fc drop] el through a dcuU may be acccmpl i & bed by q 
sickly heating a relume of ink within the adjacent ink chamber, The the 
r m a 1 process causes ink within the chamber tc superheat and form 3 vapor 
bubble. Formation of therms! ini-jtt vapcr bubbles is known as nucleat 



ion. The rapid expansion 


of in 


k 


y a p c ; f c r 


c e S a drop g 


\ ink through the 


no 1 e . This process is 


c a 1 led 


- 


firing/ 


The ink in 


the chamber may be 


heated with a resistor t 


bat is 


a 


I i g n e d ad 


j a c e o t r c 1 1 


e nozzle. 


Ad g the r iae c b a n ism (or 


eject 


i n 


g ink may 


employ a p 


iescelectric el erne 


st that is iesuansivc to 


3 COQt 


I 0 


1 signal 


for abruptly 


ccmp r e s s i 8 g a to! 


nine of the ink in the fir 


I n g c h 


am 


b e r there 


by t g p r o d u c 


e a pressure wave 


that forces the ink dropl 


g i s t h 


r q 


ugh the p 


rsuthead soz 


z 1 e . 


Previous ink-jet pun 


t he ads 


r 


e 1 j o n e a 


P i 1 1 a r y f q i c 


e s tc draw ink t hi 


nugh at ink channel and i 


n t o an 


i 


ok c h amb 


e r . f r om wh e 


re the ink t s ejec 


ted. Once the t d k is eje 


c t e d , 


th 


e ink c h a 


rab e r is r e f i 


lied by capillary 


force with ink from the i 


nl c ha 


D D 


el, thus 


readying the 


system i c r 1 i r i ag 


another droplet. 












As ink rashes in to r 


eft 1 1 


a a 


empty c b 


amber, the i 


q e r ! i a cf the mo ? i 


ng ink csirses seme of the 


ink t 


c 


bulge cot 


of the n o z 2 


1 e , Because i nk w 


i t ft i n the pen is general 1 


y kept 


a 


t a s i [ gh 


t 1 y ' positive 


back pressure ft h 


at is, a pressure s 1 i g h 1 1 


y 1 owe 


r 


t h s n amb i 


cut), the bu 


j g i ng portion c f t 


he ink immed i a t e 1 y recoil 


s back 


i 


nlo the i 


n k chamber. 


This t e c i p r c c a t i n 


£ motion diminishes o y e i 


a f e* 


cycles and 


eventually s 


tops or damps oat. 



if 3 droplet is fired when the ink is bulging g u t the cczzle, the ej 
ected droplet will be dumbbell shaped and sic?? moving. Conversely, if t 
he ink is ejected when i s k is recoiling frcm the n g 2 f 1 e . the ejected dio 
pi el will be spear shaped and acre undesirably last. Between these two 
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eit r erne s , as the c 


b amber ink 


roc t 


i e a damps 


G 11 t 


. we 


11 formed 


d r c p s are pro 


duced for optimum 


pr 


lit q a 3 1 i 


t T • 


Titus, pr 


in t 


s pt 


ed (that i 


s ; the rate a 


t wtich droplets a 


re 


ejected) 


m c 


Si b ? s i i t 


i e i 


est) 


? sic? to 


a 1 1 c » the mot 


ion o f the chamber 


t 


0 dam? qu 


t h 


e t we e o t a c 


k d 


rep! 


e t firing. 


The time 


r i o d required for 


tli 


e ink mot 


i O Q 


to damp s 


iff 


i c i e 


o t ! f may b 


e referred to 


as the damp I og in 


tc 


i v a 1 . 














To [essu tU 


M 


i a t speed 


r e 


d i c t i o q at 


t j i 


b q t a 


bl e tc the 


damping i d t e 


r v a I , ink chamber 


ge 


ome try h i 


s b 


e e o ma n I p u 


lat 


ed . 


The e I amb 


e r s are c c a s t 


rioted la a way t h 


a t 


reduces 


the 


i n t c b amb 


e r 


r e f i 


11 speed i 


a an effort t 


o rapidly damp the 


b 


u 1 g i Q£ re 


f i 1 


1 i D g ink f 


j o n 


t . 


Generally, 


chamber 1 e o g 


\ h and a rn art 1 en 


n s 


t J u c 1 1 d t 


c I 


p ( i; p n { k P 

W ! t U I It i. 


i e c 




n t ltd fnnt" 

K 6 I 1 I! g III II I 


I/in rtf r n u m n o 


i refill ink (bene 


e , 


lessen t 


he 


damp i n % in 


te r 


v a i ) 


H g e y e I 


, pr iatheads 


have heeo unable t 


c 


eliminate 


tb 


c dampiag 


IDt 


e r y a 


1. Thus, 


print speed m 


a s t accommodate t b 


c 


damping i 


a I e 


r y a 1 , or p 


r i o 


t a d 


d ima ge q« 


a 1 i t y suffer. 


[ uk- je t p r i a t b 


c a 


d s arc a 1 


s 0 


s u ^ c c p I i b ! 


c t 


0 1 D 


k b 1 e w b 3 c 


V during d r o 


p I c t ejection, Bl 


0 ff 


back r e s u 


1 ts 


wheo some 


E n 


k i d 


the c h a mb 


e r is forced 



back into the adjacent p a r L of the c li a q d e 1 upon firing. B 1 c w b a c k occurs 
because the chamber is in constant fluid communication with the channel 



, hence 


, upon f i 


ring-, a large pc 


1 [ l D Q C 


f iok 


¥ I 


this 


the c 


h 


amber is not e 


j e c t e d 


f r cm the 


p r i n t h e a d , but r 


a I h e r i 


s bio 


D 


ba ci 1 


into 


t 


he channel. B 


1 owba c k 


increase 


S the amount of 


energy 


n e c c E 


s a r 


y for 


e j e c 


t 


ion of droplet 


s from 


the crumb 


e r ("turn c n c n c 


igy" or 


TOE) 


be 


cause 


only 




a portion of t 


he e n t i 


re v o ! lime 


o i ink in the c 


h amb e r 


is a c 


t u a 


life 


j e c I e 


d 


Moreover, a 


higher 


TOE resu 


its in eicessi ve 


p r i n I h 


cad h 


cat 


in g. 


Ex ce 


s 


s i v e pi i o t h e a d 


h e a t i n 


g genera t 


es bubbles from 


air d i s 


solve 


d i 


n the 


i o k 


a 


nd causes p r e o 


i c 1 e a t i 


or c 1 the 


ink vapor b u b b 1 


e . Air 


bsbb 


ies 


with 


in tb 


e 


ink and p s c n u 


cleat i e 


o of the 


vapor droplet re 


soli in 


3 pTi 


c r 


ink d 


r o p 1 e 


i 


format ion and 


thus, 


poor pr i n 


t q u a 1 i l f - 
















The 


present 


indent i o s p i o ? i d 


e s a o a 


S s e rob 


ly 


that 


i n c ) u 


d 


es minute, act 
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[it ralve members operable for ccfttrclliog ink flew within an isk-jei pr 
iathead. An emb cd ime s t of tbe valve assembij Is incorporated in an ink 
ebaruel that ielifers ink to the firing chambers of the prifltbead, The 
valve members include a resilieGtlf defcrmaole flap connected at one end 



to 


a s a r i ac e a \ t be iok 


channel, T h 


€ 


free end 


Gt the flap is deflected 


i a 


to a petition that re 


s t f i e t s ink J 


i 


cw within 


the channel, The flap e 


n b s 


t an t i a I ly isolates t h 


e i ilk c bambe r 




f r cm the 


chancel d u t i tt g f i r i rj j cf 


a d 


r o p I e t . 














Isolating the c hamb e 


r with the f 1 




p reduces 


b 1 cwba ck . 


During e j e c t i 


0 rj , 


iok in the chamber i 


s h 1 c eked bv 


t 


he def lee 


ted flap a 


nd cannc t b 1 c w b 


a c it 


into the channel, bu 


t must e 5t i t t 


h 


r c u g h the 


n c 1 1 1 e . 


This hlc*back r 


e s i 


stance raises the s y s 


tern thermal e 


r 
I 


f i c i e n c y , 


1 ewe r i ng 


TOE. A I over T 


01 


reduces p r i n t h e a d liea 


ting. K c d u c i 


D 


g p r i o t h e 


ad heating 


helps maintain 


a 


steady operating temp 


e r a t o r e r w h i c 


h 


provides 


uniform p 


Tint quality. 




With the f laps defle 


c t e d i n a man 




?r such t 


bat the in 


k chamber is is 


0 1 a 


t e d imme d i 1 t 1 1 y after 


e h amb e r r e f i 


I 


] , the v a 


1 ve ass emb 


] y cf the prese 


n t 


invention also reduce 


S the ink dam 


P 


i n g inter 


v a ] . With 


the chamber is 


o 1 a 


ted, the distance the 


ink may t r a t 


e 


i back fr 


cm the o o z 


zle is limited. 


wb 


ich in turn jeduceS t 


he reciprocal 


i 


rj g met i c d 


c f the in 


k . Coaseqoen 1 1 


7 f 


the ink damping inter 


va 1 is s i gn i f 


i 


c a d t I y d e 


created, a 


Mowing higher 


pr i 


n t quality at faster 


printing spee 


d 


c w 







DESCRIPTION OF 


PKEFOSED 


EMBODIMENTS 












deferring t 


o Fir 1, 


the valve ass 


emb 1 y 


cf th 


e pr 


esent indention 


i s 


incorporated * i 


thin an i 


d k - j e t pen 10. 


The 


p r e f e 


f re d 


pen includes a 


pen 


body 12 d e f i o I 


iig a r ese 


rvoir 24. The 


r e s e r 


veil 


24 i 


s configured to 


hcl 


d 2 quantity of 


ink- A 


print head 20 i 


s fit 


\ n i c 


the 


be t t cm 14 c f the 


pe 


n body 12 and c 


c d 1 j € 1 led 


for eject i o g 


ink d i 


op 1 e i 


s fr 


om the reservoir 


ti 


The printhea 


d defines 


a set c ( o o 1 1 


les n 


for 


expe 


ilieg ink, in a 


COB 
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trailed pattern, during printing. Each noszle 22 is in field c emmu 2 i c a t 
ioa with a fixing chamber 42 (Fig. 3} defined In the base 23 oi print he a 
a 20. 

Each firing chamber 42 has associated with it 3 tbia-filn r t s i S t C 1 4 
6 . The resistors 46 are selectively driven (heated) with a sufficient c 
n r r e 0 t to instantly vaporize some of tic ink in the clumber 4 2. thereby 
forcing a droplet throng* t b e nozzle 22 . Cccduct ive drive lines t c each 
resistor 4E are carried opon a circuit 26 mcanted Lo the exterior of th 
e pen body 12, Circuit ccntact pads 18 ( s h 0 w a enlarged for illustration 
). at the ends of the resist 01 drive lines, engage similar pads carried 
en a matching circuit attached to the carriage (not shown). The signal 
t g r firing the resistors 46 is generated by a microprocessor and associa 
ted drivers that apply firing signals to the resistor drive lines, 

The pen includes an ink s 1 p p 3 y within the pen reservoir 24. A Suppl 
7 c 0 d d 0 i t (no t- s h cm ) conducts ink f r urn the 1 <- 8 c r r 0 i 1 2 4 Lg ink channels 
28 defined lb the priathead, The ink channels 28 are configured sc tha 
t ink moving therethrough is in fluid communication with each firing cha 
mber 42 and hence each nozzle 22. 

Referring generally to Figs. 2-4 ; is a preferred embodiment of the p 
resent invention, the valve assemblv comprises y a 1 v € members ( c r flaps) 
3 2 constructed « f resiliently defcrmable materials, movable into and Gut 
cf open and closed positiens. The movable v 3 1 r e members 32 provide cod 
trcl cf ink flow within the channel 28. 

As best seen in Figs, 3 aod 4 T a valve member 32 is connected at one 
, fixed end 34, to the base 1'i cf the p r i c t h e a d . preferably continuous w 
ith the lower surface 40 of the channel. The ether, free end H of the 
valve member 32 is left free to move within the channel 28. 

Preferably, a ralft member 32 is placed en either side c f and a d j 2 c e 
ot to the ink firing chamber 42 (Fig. 3). Such placemen! allows E s c I a t i 
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cn sf the chamber il when the ralvc member? 32 are deflected- ft is con 
templates!, however, that a single valve member ccuU be used in designs 
where the chamber has 2 single ccmccticn with a channel. 

The nhe me rnb e r 32 is defouaable or deflectable into i position far 
restricting ink flow in the channel 28, 

In accordance with a preferred embodiment of the invention, the v a 3 y 
e members 32 are c c a s t r u c t e d cf two layers 01 portions of delcrinable mat 
erial. Each nf the layers c cm prise materials possessing iliMerent coeff 
icients of thermal expansion. When valve member 32 is heated, one layer 
of the valve member 3 2 undergoes re I at i Ye!) less thermal expansion than 
tae other layer. The layers are arranged so that the differing thermal 
expansions cause the valve member 32 to deflect or bow in a direction t 
owartj the upper surface 3& of the channel. The layer materials pessess 
coefficients c J thermal expansion of sufficient difference to cause, upo 
n heating, the y a I v e member 32 to deflect enough tu substantially Qcclud 
e the channel 28. 



Alternatively, the 


v a 


I v e member 


c 


32 may be constructe 


d of three t a y e 


r s c f d e f c rm a b I e ma t e r i 


al 


wherein t 


he 


middle layer posses 


s e s high t he rma 


I conductivity. Thus. 


t h 


e middle 1 


3 ¥ 


er will act as a hea 


ting element 44 


, causing the valve mem 


be 


r 32 to de 


f 1 


ect flfhen heated (Fig 




Referring to Fig. 4 




in a p r e i e 


r r 


eri embodiment of the 


lnvcction, the 


inner layer 48 (3 1 S c r 


ef 


erred 1 0 h 


e 1 


e i n as a first port 


i cn : ' ) c f the v a 


i v e member 32 c orop rises 


a 


material 


P* 


ssessing a higher co 


efficient of L h 


e rrna 1 expansion re 1 a t i ? 


e 


to the cut 


e r 


layer 50 ( a ] s c r e f e 


rred to as 'sec 


end por t i 0 iT ) . Up 0 0 he 


at 


i 0 g of the 


V 


3 i v e member 32, the 


inner layer 4 8 


thermal I y expands tc a 


le 


ngt h great 


e j 


than the. outer lave 


f 5 0, Ccnse^ue 


n 1 1 y , the ralvc memb e r 


32 


deflects 


1 D 


a direction toward 


the Guter layer 


50, depicted by dashed 


] 


toes in Fi 


g ■ 


3. Id a preferred 


embed imen t r t be 



valve member deflects toward the opposing or upper surface H cf the in 
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I channel 28 (Fig. 3) . 

The valve member 11 is heated, and hence opened or closed, by applvi 
ug u removing current, respectively, tc one cf the layers. Current is 
applied tc the layer acting as the heatiog element 44 (Fig. 4). The fa e a 
ting element \ 4 may be znj electrically ccidoc-itfe layer cf the valve me 
ruber 32 that comprises a material having a high thermal c o a d u c t i v i t y . 

Preferably, the valve member 32 is in an open p o s i t i c n rhen the valv 
e member 3 2 is net heated, as depicted by solid lines in Fig, 3. En the 

cpen position, the uppermost surface cf the valve member is copianar wi 
til tbe lower Surface 4 0 cf the chaoael 28, When in the opea position, $ 
f Uis free I y between t & e channel 28 and tbe firing clumber it. 
When a d r c p 1 e t is tc be ejected, tbe valve members 32 are moved U a 

closed position, depicted by dashed lines in Fig. 3. Fig- 3 depicts a 
pair of valve members oo each side of the chamber 42. A single valve me 
ruber, however, cu each side of tbe chamber should suffice- To close th 
t valve members 32, c n r r e o i is applied to heat the layer act i a g as the b 
eatiog element 44 of the valve member. The valve members 32 are select? 
vely drives (heated) with a s b f f i c i e n t curieat tc cause deflection. Dri 
ve lines tc each valve member 32 are carried upca tfce circuit 26 that is 

m o a u t e d to the e 1 1 e ? i c r of the pen body 12. 

The valve members 32 are heated a sufficient amount tc cause the out 
e r end 36 of the valve member to deflect and c e o t a c I the upper surface 3 
8 of the c ha no el 2$. When a valve member 32 is deflected it such a ma no 
ci. ink flow between the channel 2& and the chamber 42 is substantially 
occluded. Add i ti eta 1 1 y , when the valve members 32 o n either side cf the 

chamber 42 aie is a closed pontics, the i n k chamber 42 is complete If i 
s c 1 a t e d 1 1 e m the chamber « i t b the s c 1 1 \ t 22 b e i u g the c a I ? exit lor ink 
from the chamber (Fig. 3). Snch valvUf g1 the ink channel near the cha 
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aber reduces blcwback sad lowers TOE, as mentioned above. 

In another embodiment of the invention (Fig, 5). the valve assembly 
13 2 is coupled with a pressurized i o 1: scarce. Presscrixed ink is direct 
ed t h j c u g h channels 128 that are contiguous with each nozzle 122, The 
ink is pressurized a sufficient ascent to expel an ink droplet through t 
be nozzle L22, 

Referring to Fig. 5, in this embodiment, the valve member 132 is pes 



L tinned t c protrude from 


a s 


i d e wa 


11 143 c f the p r i o t head base 


adjacent 


I o a nozzle 122 so t ha. t 


the 


upper 


side 


145 c f the valve merobe r 


13 2 c c c 1 a 


des the junction of the 


ink 


c h a n n e 


1 128 


and the nojz 1 e 12 2. In 


Fig, 5 , 


t b. c nozzle is shown in d 


ashed line 


s , ha 


ring a generally cyliodr 


i c a 1 $ h a p 


c, although otter shapes 


a r e 


acceptable 






Ink flow from the c h 


a n n e 


I 128 


into 


the o o 2 z 1 e 122 is c cmp 1 e 


t e 1 jf oc c I 


uded wbcD the valve m e m b 


er \ 


32 is 


i o a 


n o n - d e f g rme d position (i 


. e - not h 


e a t c d) , as depicted" by s 


olid 


1 i d e s 


i a F 


ig. 5. The valve member 


Ut rema 


ios in the closed positi 


o n u 


d t i 1 a 


n i a k 


droplet is tc be ejecte 


d from t h 


c o o 2 1 1 e 12 2- 












Tc eject a droplet f 


r ora 


the no 


z i ! e 


122, a pulse cf current 


is a pp i i e 


d to t h c heating element 


144 


cf th 


e va 1 


v e member 132. The valv 


e member 


then 1 cmp craiilv deflect 


s to 


an o p 


e c p o 


Siticn. When the valve 


member 13 


2 is in an open p a s i t i o u 


, Lh 


e p r e S 


S ii r i i 


ed ink flow within the c 


ha n n e 1 12 


8 is is fluid commu n i c a t 


j 0 0 


with { 


he do 


i i I e 12 2. k g a resell, 


a d r c p \ e t 


is ejected through the 


a o i z 


1c 122 


- Th 


e open position of the v 


a I f e mernb 


cr 132 is depicted by th 


c da 


shed i 


i o e s 


in Fig. 0 . 





In this preferred embodiment, the valve member 132 deflects by the s 
ame operation as the preferred embodiments described above. The inner a 
nd outer layers 154. 156 cf the valve member 132 are comprised of ma Lei I 
a 1 s possessing different coefficients cf thermal expansion, relative L c 
one another. The inner layer 154 pes s esses the higher coefficient of t h 
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crmaf expass ion . As ca treat is applied ic the heatiog element H4 t the 
valve member temperature iscres^es a s d the inoer layer 154 undergoes 3 g 
reatet relative thermal expansion 1 t \ 2 1 1 1 e to the cuter layer 15 6. The 
valve member 132 t b e a deflects or hews in a direction toward the ester I 



2 y e r L 5 6 


The v 3 \ 


? e Eneinbef 


132 r 


c va a i 


n s 3 


ft 20 


ddfii ry c i t i p, n 


just 




QUgll to 


allow a 11 l 


nk droplet 


1 0 e 


i e c t 


i\t 


0 iig h 


the ncszle 122 






This 


emb 0 d i me d. 


t (Fig. 5) 


2 1 1 G 


ff? £ 


ject 


i c i) 


c 1 ink without 


need 


f c r a r 


C S i S to r 


or other s 


iiai I a r d r c 


pi e t 


f iri 


eg d 


c v i c 


e . 






I a a 


0 0 1 he r pre 


f e r r e d em b 


c d i m e 


a t c 


i th 


e pr 


e < e n t invention 


(Fig 


- «), t 


he valve 


a s s erab 1 y 


2 3 2 is ra c u 


n t e d 


t 0 t 


he 1 


ewer 


$arfate 240 cf 


the 


ink ch a 


cnel 228 


The v a 1 


vc a s s erab 1 


y i £ 


1 oc a 


t e £ 


such 


that the I gw* j 


E 1 d e 


2 4 7 of 


the v a I 


vc member 


232 coders 


the 


j U S C 


t i c A 


of 


the chamber and 


a 11 i 


rj k i 0 1 e 


t 246 tb 


at deliver 


s ink 1 r 010 


the 


pe n 


r e s e 


r to i 


r to the ink c h 


a q ne 1 


2 2 8. 


Id Fij . 


8 r the ink 


inlet 240 


i s s 


h C 


b a y 


i eg 


a g c d e r 3 1 1 7 c j 1 


i d d r i 


c a 1 s ft a 



pe , 


^ i though other s h 


apes ar 


e a 


c c e p table. 










Ink f 1 0 «r from the 


ink i a 


let 


2 46 to the ink ch 


a on e 1 


2 2 8 i 


s occluded w 


h e a 


the valve member 


2 3 2 i 5 


i n 


a a c n ~ d e f c rme d pes 


i 1 1 c n 


(i.e. 


not heated) 


a s 


depicted in F i % . 


8. The 


v a 


I v e numb e r 2 3 2 remains 


i a a c 


1 c sed p os i t i 


on 


until an iak dropl 


c t has 


bee 


a ejected from the 


c 0 1 2 


1 e 222 


a ni the ink 


ch 


ambe r 2 4 2 requires 


refill 


i ng 












la this preferred 


embed i 


me 11 


t . the valve m embe 


r 232 


de f i e 


c t s by the s 


ame 


operation 3 s the 


preferr 


ed 


emb d d i rae c t £ d e s c r 1 


bed above. 


The IcFer 3 


nil 


upper layers 2 5 4 1 


256 uf 


the 


valve m e m b e r 232 


are c omp r i S 


t d c f in a t e r i 


lis 


possessing differ 


eat tec 


f f i 


c i en i s of the rma 1 


expao 


s 1 0 0 1 


e 1 2 1 i v e t c 0 


ne 


another. Th e 1 owe 


r layer 


2 5 '1 possesses the hi 


g ti e r 


c 0 e f ( i 


c i e 0 1 of the 


rma 


i expansion. As cur rent 


i s 


applied to a heati 


og cl 


e in e a t 


244. the va 1 


v e 


raembe r t crape r a t a r e 


i n c r e a 


e e s 


and the i c w e r lay 


e r 2 54 node 


r g 0 c s s g r e a 


t c 1 


thermal expansion 


r e 1 3 1 i 


vc 


to the upper layer 


256. 


The 


v 3 1 v e member 


232 then deflects cr 


bews i 


n a 


direction t e- w 3 r d 


the upper \ 


aver 25 6- T 
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he fa Ire member re maim in an open position long eisctigfe to refill the in 
k chamber 2 4 2. Tb i s parti en !a? pre ferret] embodiment e d £ a i e s total occU 
s i o q of ink flow between tie ink Inlet and the ink chamber, A c d 1 1 i e n a 1 1 
y. the ink clamber may be completely isolated such that ink hiowbacl and 
the ink damping interval are greatly reduced . 

The valve members 32. 132, 232 cf the abcve described em b a d i me a t « ma 
y comprise any of a variety of material layers. la a preferred embodime 
nt, the valve member may r comprise tvn layers cf metal. Eat a metal layer 
possesses a different coefficient cf thermal expaiss tec (i.e. the valve 
member is bimetallic). The v a i v e member may alsn comprise a layer cf pc 
Ijimide or a similar compound and a met a] layer. In another preferred e 
mbediment (Figs, i and 5), tie valve members 32, 132 comprise two polyim 
ide layers win a conductive layer 4 4. Hi therebetween. 

The general fabrication process (often referred to as raicicfabr tcati 
en) of the vaJye assembly cf Figs, 2 and 3 is depicted in Figs 6A-6E, a 
nd explained next. 

In a preferred embodiment the base 11 cf the pr l athead comprises a s 
ubstrate 58, also referred tc as a t h j b - f i I m slack. The substrate i o c I a 
des, from bottom to top r a p - 1 y p e silicon layer having a thickness cf a b 
out 675 nm, covered with a layer ci silicon dioxide* about 12,000 II thic 
\\ a passivation layer having a thickness of about 7,500 II; an electric 
ally conductive aluminum layer having a thickness cf about 1,000 II; a r 
i s i e t o i layer having a thickness c f about 5,0 0 0 II and a n o t h e r passive 
ion layer having a thickness cf about 6,000 II. The conductor/resistor 
traces layer is configured to interconnect individual resiftcrs and ralv 
e members with the appropriate drive signals generated by a micrcprccess 
or. in Fig. 6 , the lower layers ( $ i I i c o o . s i I i c c n d i c i i d e . lower p a s $ i v 
atioa layer) are for c o a t e n i e d c e showo as a S i a g 1 e layer 5Bb. The r e m a i 
cing a p p c r layers at the bottom $ a b s ; / a i e are $ h c w n as a single S % j e r 58 
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a . 

Tbe t h i a - 1 i 1 m s t a c i substrate 58 is masked with p o 5 i t ! y e or d e g a t i ? e 
photoresist. T b e substrate 58 is then patterned and anisotropics! 3j e t 
c h e d thiosgh tie conductor, resistor a c d past i fatten layer 58a of the s u 
bstrate tc define a via 60 for censed ico of the ? a I v e member 32 to the 
electrical traces layer r i t h t a the substrate. The. via 60 provides an el 
ectrical passageway for driving th v a L r e member 35 thresh selectife ap 
plication of current, as explained below, 

A sacrificial layer 64 is next deposited iising I c* pressure chemical v 
apox deposition (LPCYD), plasma enhanced cbemical rapnr deposition (PECV 
D) oi a s p i n - o ft process. The sacrificial 1 a y e r 64 is preferably a low t 
crape i at Me oxide, but may also comprise a layer of photoresist or polyim 
i d e . P r e 1 c t a ij 1 j , the sacrificial layer G 4 is 1 to 2 microns in thickness 

Tbc sacrificial layer 64 is then patterned and etched to define what 
will be a clearance space d I r e c t I j beneath the valve member 32 (Fiff. 6B) 

Tbe patterned sacrificial layer 64 will be removed later in the fabri 
cation process ft) enable one end of the valve member 32 to move free cf 
the sabs tr a te 5 B . 

in 3 pre (erred embodiment, tbe valve member is bimetallic. Accord in 
gly, a first or inner metal layer 6 8 is deposited upon both tbe sobstrat 
e 58 and tbe patterned sacrificial layer 6 4 [Fig. 6C) . Tbe iooer metal 
layer 6 S fills the t i a 60 providing electrical connection with tbe. trace 
s layer, hence between tbc mi c r c p r c c e s s c r and valve member 32 through tb 
e substrate 5 S . A second c r outer metal layer 70 is deposited over tbe 
inner metal layer 68 (Fig. 6D) . Buth tbe inner and outer metal layers a 
re preferably sputter deposited in thicknesses of 1 lc 4 microns per lay 
er. Preferred metal layers, emprise aluminum, palladium, geld, platinum 
, tantalum and mixtures thereof, 

A p c s i t ire c r negative photoresist layer is deposited on tbe outer m 
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eta! iaver 70. The photoresist layer is patte rned to define in the (set a 
1 layers 6 S , TO, the shape of a valve member 3 2. Specifically, both the 
i a a e r layer 68 and cute: layer TO are etched through co two sides of th 
e sacrificial oxide I a y c f 6 4 T thereby defiaiag the free e n q 36 cf the * a 
Ue member 32- The sacrificial layer 64 is then removed, releasisg the 
free end 36 and sides u i the valve member from coat act with the Sobstrat 
c 58 (Fig. 6EK 

In another preferred c mb o d i rac ii t cf the p reseat invention, the outer 
layer 70 comprises a b a t -c d p o 1 y inn d e layer. The p o I y i mi d * layer 70 is p 
referably 2 to 8 mm microns in thickness. The inner metal layer 68 act* 
as a thermally conducive beating clement. The fabrication process par 
allels the fabrication process abuvc r with the exception that the inner 
(metal) layer 68 end the cuter ( p u 1 y i m i d e ) layer 70 must be etched separ 
stely. Moreover, the palp m i d e layer is baked (e.g., heated between 130 
- and 220-C for about 30 minutes), priur to cUliisg U define the valve 
memb e i 3 2. 

In yet another preferred embo d ime d t , both the inner add outer layers 
comprise baked pclvimidc layers (Figs. 4 and 5). A third, middle layer 
, cf highly conductive material acts as the heating element 4(, 144 ; 244 
The fabrication process for this embodiment is shown generally in Fi£ 
s. 7A-7F, whereby a thin film stack (substrate) 158 is first masked with 
positive or negative photoresist. The photoresist is patterned, and t h 
t substrate is anisotropics!!)' etched through the passivation layer 162 
to define a via 160, The via 160 provides for connection of the valve m 
ember to electrical traces within the ssbsnate 15&, 

A sacrificial layer 1.64 h deposited using LPCVD, PEC VD or a spis-on 
process. The sacrificial layer 164 is preferably a lew t e m p e r a t a r e o x i 
de. but may also comprise a layer ef photoresist or pclyirside. Prefers!) 
[y, the sacrificial layer 164 is 1 to 2 micrcos in tiickfitss. The sacii 
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ficial layer 164 is patterned and etched to define what ft i 1 1 become 3 c 1 
earasce space direct [ y beneath the valve member (Fig. 7F) . The pa It erne 
d s a c r i f i c i a ! later 16 4 w ? N be removed later in the fabrication process 

to enable the fret cud 136 cf the valve member U one in a dircctioa a 
wa y from the substrate 1 5 B . 

A first pclyimide layer I ? 2 if depesited upon both the substrate 158 

a ad the patterned sacrificial layer 164 (Fig. 7 A) . The first pDlyimide 



layer 


172 f 


ill? 


th 


e via 160 


. The pclyimide layer 172 is baked at about 


l V U L> 


tor a 


I> O 5 t 


a v 


minutes, 


patterned and 


etched on two sides of the sa 


c J i f i c 


i a 1 i a 


y e r t 


6 


define t h 


e valve mem be r 


including its free end 135. 


Th c in 


s e r pd 


I y t mi 


de 


layer 17 


2 is a 1 s c p a 1 1 e 


rned and etched in create a $ 


ec o n d 


7 13 17 


4 (Fi 


g • 


?B) . A 


t ft i b layer c f c 


ondective material 1 44 is d e p 


u 5 i t c d 


, P i e f 


e r a b 1 


T 


by a S p ii t 


tering process 


(Fig- K) . The layer of cend 


u c t i ve 


ma I e r 


i 3 I 3 


C t 


s as the 


heating element 


144, and is preferably, abou 


t 1 roi 


c r o a I 


n thi 


ck 


o e { s . . Th 


e h e a i i u g e te me 


fit layer 14 4 is thep patternc 


d and 


e t c b e d 


t c c 


G D 


f c rm to t 


he. shape, c f the 


v a 1 v e memo er (Fig. 7D) . 


An 


Outer 


1 a y e 


f 


of pclyimide 176 is d e p o 


sited, patterned and etched t 


o c o n f 


o id to 


the 


SD 


ape of t h 


e valve member 


(Fig. 7E) . The cuter pe 1 y inn 


de lay 


er 176 


i s b 


a k 


e d at a 1 


ewer t eupe r a t o f 


e (e.g. IQQ-Cj relative to th 


e i u u e 


r poly 


t mi d e 


1 


a y e r 17 2. 


The higher t h 


e baking, t ercp e i a t a i e e i the p 


o 1 y i rai 


d c lay 


er, t 


be 


higher t 


he coefficient 


c 1 thermal expansion of the p 



a I y i m i d e . As discussed above, the differing thermal conductivities of t 
he ulu member layers determines the direction and extent of deflectiua 
c f the va I y c roembs r . 

Lastly, the sacrificial layer 164 is removed, enabling the free end 
136 of the valve member Lg move in a direction away f r cm the substrate ) 
5 8 (Fig, 7F} . 

It will be appreciated that for the embodiment of Fig. 5. the valve 
assembly is constructed so that the nozzles 122 are oriented to be adjac 
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eat to one side 145 of the valve m ember 132. The thickness of that side 
M5 (measured Cop to be I torn in Pig. 7F) nast, t be re fore, be s lightly gr 

eater than the diameter of the oszde So that tbe flew of ink through tb 

e channel 12$ 3 d d tie ooirU 122 will be c- c c laded when the nln aember 

is closed ( s c 1 i d lives Fig* 5 ) . 

Similarly, it will be appreciated thai for the embodiment cf Fig. 8, 
the valve assembly is constructed so thai tbe ink i a 1 « t M 6 is oriented 
adjaceat to the lower side 24? of the njlrc member 232. The thickness 

(if that side 2 4 7 is slightly greater than the diameter of the ink inlet 

2H k o that the flew of ink will be occluded w he a the ? a I v e member 232 i 

s closed, 



Ha v i 


ng 


described and illustrated 


the p r i 


B C I p C S of 


the invention wit 


h t e f e i e 


n c e 


t a preferred embed i mentis 


, it s b u 


aid be a ppa 


rent that the i a t 


en t i en c 


a n 


be farther mod i lied in a r 


r a n g cm c n 


t and do t a i 


1 without departi 


a g from 


sue 


h principles. 








4 . Brief 


De 


s c r i pt i c n c f Dialings 








Fig. 


1 


is an is crae trie view of a 


& i ii k- j c 


i printer p 


en that includes 


a prefer 


led 


embodiment of the valve 


assembly 


of the pre 


sent invention. 


Fif, 


2 


is an enlarged top sect 1 c 


Dal view 


of the p r i 


q t b e 3 d portion u o 


d * r 1 y i ng 


3 


pen no 2 1 1 e , showing i a 1 n e 


s i l a c 


( o s c d s i t 


LCD, 




a 


is an e n ! a \ g t rj c r c s s - £ e c t 


i g n a 1 « i 


e w taken a 1 


ong line 3~3 of F 














Fir 


4 


is an enlarged cress -sect 


i c c a i v i 


t v of a v a 1 


v c rnemb c r c- f the 


present 


i n? 


e d t i nn. 








Fig- 


5 


is an enlarged perspectiv 


c view c 


f a v- a 1 ? e a 


ssembly and a c it 1 



e io accordance «n t h another preferred embodiment, the solid lines depic 
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ting the v a 1 v c in 2 closed p c s 1 1 i 0 s 
in an Qpee position. 

Figs. 6 :\- E a / e section diagrams 
cmbly cf the pies eat i rive alien. 

Figs- 7 A ~F are section d i a$r anis 
nd intent of the pi ese d t invent 1 g a , 

Fig, 8 is an col arged cross-sec 
iriog chamber in accordance vtth an 
lines depicting the vglrc is a cle 
n g the ? a 1 v e in an open posit ion. 



3 d il das bed lines depicting the v a 3 t « 

depicting fabrication cf a valve ass 

depicting fabrication cf another erab 

t i 0 d 3 ! Mew cl a valve assembly actf f 
D-hcr preferred embodimect, the solid 
ssc position aad {lashed lines depict i 
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1 . Abstract 

The c h 3 li ri « 1 s (2S) 1 h r o o g h which ink flows to the filing chambers (42 
} of an i n k - j e t p i i d t h t a d presided with s c i e c t i ■< € I j c c e t r o i I e j v a If e 

8 (32) fax restricting flow at specified times fur leductng b!o»back fro 
a the firing chamber while decreasing the turn cn energy of tfie print be 
ad . 

2. Kepresentative Drawing 

Figure 3 
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